garding the e ect of the timing of P & L on the poultry manure were applied together as basal labor load. Considering this, we hypothesized fertilizer and only rapeseed meal was applied that if we did P & L a couple of days before as topdressing. Basal fertilizer was applied just before P & L in P treatment (P -B ). For the P dy and more solid, and it might be easy to treatment, timing of the basal fertilization cover the field with mulch. In the current exwas set at (P -B , early basal fertilization) periments, we examined the mulch operator's or (P -B , late basal fertilization) days bephysical stress by measuring the heartbeat fore the mulching. Just after the application of rates and oxygen consumption rate and as basal fertilizer, the soil surface was shallowly well as rice growth, grain yield, and related cultivated in the P -B treatment. Before the factors a ected by timing of the pudding and experiment, we assumed that basal fertilizabasal fertilizer application. tion timing might have an e ect on this production system, as more nitrogen might be lost due to de-nitrification in the early basal fertilization treatment. Therefore, we elected to An experiment was conducted in the year compare the early and late basal fertilization.
in the paddy field at the Faculty of AgriTopdressing was applied at days after the culture, Ehime University, Matsuyama City mulching ( days before heading) in all treat-( . N latitude, . E longitude, m ments. We also made the treatments with no above sea level), Japan. The total paddy field fertilizer (NF) in both P & L timing P (P -NF) size was m . The experimental paddy field and P (P -NF).
was gray lowland, where soil pH was . , and After mulching, the field was flooded ( the electrical conductivity was . ms/cm. cm in depth) under the mulch sheet, and irrigation water was drained from the field after spouted) with a sowing rate of g/m were days ( . leaf stage). The experiment was done used for the experiment. in Randomized Complete Block design with two replications.
Non-woven (cloth) mulching material was
To evaluate the labor load, we measured the Denko Co., Ltd., Japan). Leaves, stems (including leaf sheaths), panicles, and dead parts were separated and dried in an oven at C for hours to constant weight (Hossain ).
For calculating the grain yield, six portions were taken, each m in length. These samples were also used for calculation of yield compoand unfilled grains using salt water with a spe- Muddy : Puddling and leveling was done days P , P : Puddling and leveling was done P , P : Puddling and leveling was done Muddy : Puddling and leveling was done days before the mulching (P -B ). Solid : Puddling and leveling was done days before the mulching (P -B ).
before the mulching (P -B ). Solid : Puddling and leveling was done days before the mulching (P -B ). Mets : Metabolic ratio of working period to rest period. Oxygen consumption was calculated from the equation shown in Fig. . B , B , B : Basal dressing was applied B , B , B : Basal dressing was applied treatment and due to mud the overall soil hardsolid field, respectively (Table ) .
on the mulching (sowing) day. P & L was done at days before the mulching in the P -B
Figure shows soil hardness of each depth ness was observed very low. Again, the soil surface was shallowly plowed once again at days before the mulching in the P -B treat- Table  Heartbeat rate ment for the basal fertilizer application and as Field a result, the surface ( cm) hardness value was Ratio ( ) Before After condition found almost mm. On the other hand, the mulchig mulching value was much higher ( . mm) in the P -B Muddy Solid treatment, because neither plow nor irrigation was done between the gap ( days) of P & L and the mulching day. Soil hardness was almost equal in the both P -B and P -B treatments at cm, cm and cm depth. On the mulching day, inorganic soil nitroField Mets condition gen was highest in the P -B treatment, followed by the P -B and P -B treatment Muddy Solid ( Fig. ) . The value was very low in the no fertilizer treatments (P -NF and P -NF).
A similar trend was observed at days after the mulching. The inorganic soil nitrogen , and days before the mulching. The top dry weight was higher in the P -B NF : No fertilizer. Vertical bars indicate standard errors. treatment at the di erent growth stages, and at maturity the value was g/m ( Fig. ) .
The top dry weight was almost equal in the P -B and P -B treatments throughout the growth period. We noticed that the top dry weight was very low in the samples that received no fertilizer. Vertical bars indicate standard errors. LAI value was also higher in the P -B treatment, followed by both of the P treatments.
The di erence in CGR was mostly due to the di erence in mean LAI.
the no fertilizer treatments, the P -NF treatment produced a higher grain yield than that of the P -NF treatment, though there was no
As Table shows, the grain yield was highsignificant di erence in grain yield. The grain est ( g/m ) in the P -B treatment. Among yield di erence between the P -B and P -B the P treatments, grain yield of the P -B treatments was due to the percentage of rip-( g/m ) treatment was higher than that of ened grains. Fig. solid field was . , which belongs to very light area (Mean LAI) work (Table ) . We also evaluated the machine performance for mulch operation in muddy and days before the mulching. and solid field and observed that mulching by , and days before the mulching. machine was much easier (in work hardness NF : No fertilizer.
and as well as maintenance of mulch) in solid field than in muddy field (Yamashita ).
It was also revealed in the current experi-P & L is used to prepare soil for irrigated rice ment that the early basal fertilizer treatment (P -B ) produced higher grain yield than In direct-sowing rice culture using cloth mulch, Values within the same column and followed by the same letter do not di er significantly (p . ). P , P : Puddling and leveling was done and days before the mulching. B , B , B : Basal dressing was applied , and days before the mulching. NF : No fertilizer.
on the operator's physical stress, the rice growth, the lower leaves was brought about by a higher quire couple of days for drying and compaction. treatment (Fig. ) , the operator's physical stress for giving the opportunity to conduct the study P -B treatment compared to the P -B treatAgrochemical-Free, Direct-Sowing Culture of a Paddy with Non-woven Fabric Mulch P -NF P -B P -NF P -B P -B that of the late fertilization treatment (P -B ), is needed to consider the application amount but the di erence was not statistically signifiand application timing of topdressing, and also cant, which means that the timing of basal to reduce the gap between P & L time and fertilization has no positive or negative impact mulch ing (recommending the gap days on rice grain yield. That is, basal fertilization with sunny weather). O course, water permetiming had no e ect on the grain yield when P ability status of the experimental soil needs to & L was done days before the mulching. be considered as low permeable soil may reDue to higher soil hardness in the P -B was observed very low and the operation to cover the field with cloth mulch was easily The first author is grateful to the Ministry of executed. However, as shown in Table , the Education, Culture, Sports, Science and Techgrain yield of the P -B treatment was nology, Japan for providing scholarship and to lower than that of the P -B treatment due to the Faculty of Agriculture, Ehime University lower percentage of ripened grained. Because of the lower inorganic nitrogen of the soil and research.
( Fig. ) , the growth of leaf area was suppressed and dry matter production was lower in the ment (Fig. , ) , which might have resulted in puddling and leveling (P & L) is usually done lower percentage of ripened grains. In our predays before the mulching (sowing). However, vious study (Hossain ), leaf area and the mulching is very di cult, due to the mudphotosynthetic rate of the lower leaves indy condition of the soil. Comparative studies creased when we applied topdressing at the were made to observe the e ects of the timing rate of gN/m . Higher photosynthetic rate of of P & L, that is, P & L days before mulching (P ) vs. P & L days before the mulching (P ), rate of nitrogen accumulation due to topdressing. Increased leaf area and higher photoand grain yield. Basal fertilizer was applied synthetic rate in the lower leaves resulted in days before the mulching in the P treatment better root activity, which contributed to a (P -B ), and topdressing was applied at days better percentage of ripened grain, and finally before heading in all treatments. For the P a better rice grain yield. To increase the grain treatment, timing of the basal fertilization was yield of the P -B treatment, future research set at (P -B ) or (P -B ) days before the view press, Boulder, Co, USA, .
ture of a paddy with non-woven fabric Rickman, J. 
